. 6H20 
Abstract
The crystal structure of MgK2(S04)2' 6H20, isomorphous with Mg(NH4MS04)2 . 6H20, has been refined from three-dimensional x-ray data using Fourier and least-square methods. The space group is P21/a, with a = 9.072, b = 12.212, c = 6.113 A, fJ = 104°5 0' and Z = 2. The magnesium atom has octahedral coordination of six water oxygens (Mg-O = 2.056 to 2.188 A, O-Mg-O angle = 89°3 4' to 90°3 2') each of which is hydrogen-bonded to two sulfate-oxygen atoms (~2.75 A). Thus there are twelve second-nearest neighbours to the magnesium atom and they occupy the corners of a flattened icosahedron. The bond lengths and angles in the sulfate group are close to the tetrahedral values (S-O = 1.442 to 1.507 Aand O-S-O angle = 107°to 112°).
One water and five sulfate-oxygen atoms form the nearest neighbours of the potassium atom (K-O~2.9 A). The potassium polyhedra related by a glide share a corner oxygen and run as a chain parallel to the a axis. The structure is built of these parallel chains, the space in between them being filled by S04 and Mg++ polyhedra.
Introduction
Tutton's salts form one of the best known series of isomorphous compounds.
They are double sulfates with the general formula M' 2M" (SO 4h . 6H20 where M' is a monovalent positive ion like K, NH4, Rb, Cs or TI, and M" is a divalent ion like Mg, Ca, Zn, V, Cd, Co, Fe or Ni. The sulfate groups in these compounds can be easily substituted by selenates. They crystallize in the space group P21!a with two molecules in the unit cell. X-ray structure analysis of these salts [(NH4)2Mg(S04)2' 6H20] was first reported by HOFMANN1; WYCKOFF2 pointed out this structure could only be approximately correct as some of the 0-0 distances were far too short. Proton magnetic resonance of the Tutton's salts K2Zn(S04)2' 6H20 K2Mg(S04)2' 6H20, K2Ni(S04)2' 6H20, K2Cu(S04)2' 6H20 and K2Co(S04)2' 6H20 was recently studied in this laboratory by CHIDAM-BARAM3,4and RAGHAVENDRARA05 who also found that the Hofmann structure could not accommodate the hydrogen-bond scheme obtained from resonance study without large shifts in oxygen positions. This made us re-examine the structure of (NH4)2Mg(S04)2' 6H20. The x, y coordinates of the atoms were first obtained from a hkO M4 minimum-funtion map. When we had proceeded to determine the "z" coordinates, after first refining the x, y parameters from difference Fourier maps, MARGULIS and TEMPLETON6 reported a complete and accurate structure analysis of the same salt. The x, y coordinates we had obtained were in very good agreement with their values. The coordinates obtained by HOFMANNfor Mg, Nand S atoms were found to be essentially correct while there were serious errors in the oxygen parameters given by HOFMANN. The hydrogen positions obtained from the x-ray study of MARGULISand TEMPLETON were consist- <N 00 00 00~, ...., <N 0;0; 0> 0; 0;
w. of BUERGER'S image-seeking procedures 13. Although this structure has now been solved by MARGULISand TEMPLETON we give below the Patterson and the minimum-function maps just to illustrate how the whole structure was practically obtained in one straightforward computation of M4 minimum function (Fig. 1) .
The x, y coordinates obtained for the NH4 compound were used to calculate the first set of hkO structure factors of K2Mg (S04) (R value = 42%), Refinement of these by three successive difference syntheses brought the R value to 18%, The "z" coordinates given by MARGULIS and TEMPLETON were then used to compute the hOl structure factors. Refinement of these :X:,y,z coordinates by hkO and kOI difference-Fourier maps reduced R to 16% with a common isotropic temperature factor B = 1.
The structure was then refined by least-squares calculations on the National Elliot 803 B computer at Hindustan Aeronautics Ltd., Bangalore, using hkO, hOl, hkl, hk2 and hk3 three-dimensional data. The program was written to include diagonal terms only. Two cycles of refinement of the x, y, z coordinates and individual isotropic temperature factors for the different species of atoms improved the R factor for the three-dimensional data from 21 % to 14.6%. Scattering factors used were those given by FORSYTH and WELLS 14. At this stage a three-dimensional model of the structure was made and the bond lengths and angles were calculated. The coordinates of the six waterhydrogens were also fixed so that the orientations of the p-p vectors were consistent with the results of proton magnetic resonance obtained by CHIDAMBARAMand RA04 for K2Mg(S04)2' 6H20. A structurefactor calculation with hydrogens included (with B = 1.51) improved and reflections affected by extinctions have been omitted (if included R = 12.6%). The final atomic parameters are given in Table 2 . Table 3 gives the Fa and Fe values. Fig. 2 shows the electron-density projection (! (xy).
Description of the structure
The coordination polyhedron of the M g++ is close to a regular octahedron with the six water oxygens as nearest neigbours (Mg-O =2.056 to 2.118 A, and O-Mg-O angle = 89°34' to 90°32' ( of these six water oxygens is hydrogen-bonded to two sulfate-oxygen atoms at an average distance of 2.75 A. Thus there are twelve second. nearest neighbours to Mg++, all hydrogen-bonded to the first-nearest neighbours. An interesting feature about these twelve atoms is that they enclose a symmetric figure, six occupying the corners of a slightly distorted octahedron, and the remaining six extending beyond the centres of the octahedral faces. This polyhedron can also, perhaps, be described as a flattened icosahedron (Fig. 3) .
Regarding the paramagnetic-resonance data of the isomorphous (NH4)2Ni(S04)2 . 6H20, GRIFFITHS and OWEN15 observed a strong rhombic component to the cubic field although in the crystal structure of the salt the water octahedron around the Ni++ is almost a regular octahedron. GRIMES, KAY and WEBB8 try to explain this on the basis of hydrogen bonds from the water oxygens. They suggest that the H -bond system, which indicates the electron-density distribution directions in the water molecules, may have a symmetry less than that of the water complex, so that the crystal field due to the water molecules at the Ni++ ion has a symmetry lower than that of The stereographic plot (Fig.4) (Table 4) . Of the latter five, two of the oxygens (01 and 04) belong to the same sulfate group. The water oxygen H201 extends beyond the centre of the triangle 0302'02 (K-H201 = 3.19 A) and, with its inclusion the potassium ion, becomes seven coordinated.
The coordination polyhedra of potassium atoms related by the a glide share a corner atom (02) and run as a chain parallel to the a axis. The structure can be described as a packing of these parallel chains, with the sulfate and the magnesi urn coordination polyhedra filling the space in between them.
